Introduction: Adolescence and pregnancy are potential risk factors for loss to follow-up (LTFU) while on antiretroviral therapy (ART). We compared adolescent and adult LTFU after ART initiation to quantify the impact of age, pregnancy, and site-level factors on LTFU. Methods: We used routine clinical data for patients initiating ART as young adolescents (YA; 10 to 14 years), older adolescents (OA; 15 to 19 years) and adults (≥20 years) from 2000 to 2014 at 52 health facilities affiliated with the International epidemiology Databases to Evaluate AIDS (IeDEA) East Africa collaboration. We estimated cumulative incidence (95% confidence interval, CI) of LTFU (no clinic visit for ≥6 months after ART initiation) and identified patient and site-level correlates of LTFU, using multivariable Cox proportional hazards models for all patients as well as individual age groups. Results: A total of 138,387 patients initiated ART, including 2496 YA, 2955 OA and 132,936 adults. Of these, 55%, 78% and 66%, respectively, were female and 0.7% of YA, 22.3% of OA and 8.3% of adults were pregnant at ART initiation. Cumulative incidence of LTFU at five years was 26.6% (24.6 to 28.6) among YA, 44.1% (41.8 to 46.3) among OA and 29.3% (29.1 to 29.6) among adults. Overall, compared to adults, the adjusted hazard ratio, aHR, (95% CI) of LTFU for OA was 1.54 (1.41 to 1.68) and 0.77 (0.69 to 0.86) for YA. Compared to males, pregnant females had higher hazard of LTFU, aHR 1.20 (1.14 to 1.27), and nonpregnant women had lower hazard aHR 0.90 (0.88 to 0.93). LTFU hazard among the OA was primarily driven by both pregnant and nonpregnant females, aHR 2.42 (1.98 to 2.95) and 1.51 (1.27 to 1.80), respectively, compared to men. The LTFU hazard ratio varied by IeDEA program. Site-level factors associated with overall lower LTFU hazard included receiving care in tertiary versus primary-care clinics aHR 0.61 (0.56 to 0.67), integrated adult and adolescent services and food ration provision aHR 0.93 (0.89 to 0.97) versus nonintegrated clinics with food ration provision, having patient support groups aHR 0.77 (0.66 to 0.90) and group adherence counselling aHR 0.61 (0.57 to 0.67). Conclusions: Older adolescents experienced higher risk of LTFU compared to YA and adults. Interventions to prevent LTFU among older adolescents are critically needed, particularly for female and/or pregnant adolescents.
| INTRODUCTION
Nearly two million adolescents (10 to 19 years) are living with HIV in sub-Saharan Africa, the most significantly HIV impacted region of the world [1] . Due to the anticipated increase in absolute population numbers of adolescents and youth 15 to 24 years, called the youth bulge [2] , the number of new HIV infections among adolescents is expected to increase by 2030 [1] , making this a critically important group to focus on in the HIV response. The use of antiretroviral (ART) therapy is associated with less morbidity and mortality among persons living with HIV (PLHIV), and declining mortality trends have been observed with ART scale-up globally [3] . However, loss to follow-up (LTFU) after ART initiation can potentially reverse these gains.
Some studies have compared rates of LTFU after ART initiation between adolescents and youth, and adults with mixed results: some have reported higher LTFU among the adolescents compared to adults [4] , while others showed similar or better outcomes [5] [6] [7] . However, these studies were limited by inadequate disaggregation of the adolescent age group. Adolescents (10 to 19 years) represent a mix of both a younger (10 to 14 years) and older (15 to 19 years) population, who are at different developmental stages and may have vastly different family support and patterns of accessing health care. This may in turn drive different ART retention behaviours. A better understanding of the ART retention patterns of younger and older adolescents is needed in order to appropriately target retention interventions.
Additionally, pregnancy at ART initiation is increasingly being associated with high LTFU after ART initiation in multiple cohorts, particularly as countries adopt lifelong ART for pregnant and breastfeeding women (Option B+) [8] [9] [10] [11] [12] . Reasons for this may include individual factors related to child care, relationships with partners and family, migration postdelivery, stigma, and social barriers [13] . Additionally, structural barriers such as limited access to services, limited integration of ART in postnatal services and other health system challenges may impact ART retention [13] . These barriers are likely to be amplified among pregnant adolescents. To date, there is limited exploration of the impact of pregnancy on LTFU among adolescents who initiate ART.
In order to explore and quantify the impact and interactions between age, pregnancy, and site-level factors on LTFU among adolescents initiating ART in East Africa, we undertook a multicountry analysis which compared the rates and factors associated with LTFU among young adolescents (YA, 10 to 14 years), older adolescents (OA, 15 to 19 years) and adults (20 years and older).
| METHODS

| Study design
We conducted a retrospective cohort analysis of routinely collected clinical data from patients initiating ART at health facilities affiliated with the East Africa region of the International epidemiology Databases to Evaluate AIDS (IeDEA) collaboration [14] . This study was approved by the Indiana and Columbia University Institutional Review Boards (IRBs) and all regulatory bodies affiliated with the sites contributing data to this analysis. Only de-identified data were transferred to the East African IeDEA Regional Data Center, and as such, all regulatory bodies waived the written consent requirement.
| Study population
Individual patient-level data were included in this analysis if the patient was treatment na€ ıve at enrolment, initiated ART between February 2000 and December 2014 and was at least 10 years of age at ART initiation. Women initiating ART solely for prevention of mother-to-child transmission of HIV (PMTCT) rather than for clinical indications were excluded from this analysis. Based on the age of ART initiation, age groups were defined as young adolescents (10 to 14 years), older adolescents (15 to 19 years) or adults (≥20 years).
| Setting and standard of care
A total of 52 health facilities representing six programmes in Kenya, Tanzania, and Uganda were included in this analysis. These sites represented a mixture of private and public facilities; primary, secondary and tertiary levels of care; and urban and rural healthcare facilities. In most sites, adolescents and adults were seen in the same clinic. However, models of service delivery varied by site [15] . Clinical care was provided in accordance with local or national guidelines which were generally consistent with the WHO guidelines of the period. At enrolment, adolescents and adults were assessed for ART eligibility based on clinical stage (WHO/CDC) and CD4 criteria. Prior to 2011, the criteria for ART initiation were based on variations of the 2006 WHO treatment guidelines [16] 
| Data collection and management
As part of routine clinical care, patient characteristics (age, sex) and clinical status (WHO stage, CD4 count), ART regimen and outcomes (e.g. transfer out, LTFU and death) were captured on paper-based forms at enrolment and follow-up visits. Data clerks within the programme entered these data into a site-specific electronic medical record system and conducted quality and logic checks following standardized local data cleaning protocols. Data were deidentified and merged across sites by IeDEA East Africa regional data managers who performed additional data cleaning and validation. The date of database closure varied with three sites leaving the IeDEA consortium during the latter half of 2010, one site contributing data through March 2012, and the remaining sites contributing data through mid to late 2014. A structured site assessment was completed at each site in 2009 and 2014, and gathered information on location and type of clinic, as well as the type of services offered [15].
| Data analysis
The outcome of interest was LTFU following ART initiation. Patients were considered LTFU if they did not have a clinic visit for ≥6 months prior to database closure and were not documented as having died (mortality) or transferred out. Patients who had no return visit after ART initiation were randomly imputed days of follow-up between one and fourteen days, to allow for inclusion of their data in the survival analysis. The imputation model followed a simple uniform distribution for the days of follow-up. The patient-level variables of interest were age, CD4 count and WHO stage, calendar year and pregnancy status, all at ART initiation. Using age at ART initiation, patients were categorized as young adolescents 10 to 14 years (YA), older adolescents 15 to 19 years (OA) or adults ≥20 years. CD4 count at ART initiation was defined as the most proximal CD4 count obtained within three months prior to ART initiation and up to seven days after. WHO stage at ART start was defined as the maximum WHO stage documented prior to ART initiation or the first documented within 60 days after the start of treatment. In a number of cases, CDC class was used to reflect disease severity. This was mapped to WHO stage in these analyses as follows: CDC class N?WHO stage 1, A?2, B?3 and C?4. Pregnancy at ART initiation was defined as a recorded pregnancy within two months before or after ART initiation date; or a documented estimated or actual date of delivery (according to available data) which resulted in an actual or estimated date of conception which in turn identified a pregnancy prior to ART-initiation.
We compared demographic characteristics by age group using descriptive statistics. We estimated the cumulative incidence of LTFU, using the Aalen & Johansen estimator which accounts for competing risks [18] , considering mortality as a competing risk. Estimates were provided at six months and annually for five years, in line with routine progress review time points. The effect of patient-level and site-level factors on LTFU after ART initiation was assessed using cause-specific hazards models, with censoring at the time of death or the end of follow-up. Site-level variables such as level of care, location of health facility, support services offered and type of programme were included in order to control for unmeasured factors within each model of health service delivery, and generate adjusted hazard ratios (aHR) for LTFU after ART initiation. Due to variable effect on patient retention of adolescent and adult service integration and provision of food rations, a variable was created to account for these two factors together. Models were run for all patients and then individually by age group. All patient-and site-level variables described above were introduced in multivariable models and variables significant at the 5% level were retained. All analyses were performed using STATA 14.2 (Statacorp, College Station, TX, USA).
| RESULTS
Between 2000 and 2014, 211,362 patients age 10 and older were enrolled into East Africa programs, of whom (Table 2) . Half the health facilities in this analysis were primary health facilities (50.0%), and nearly half (42.3%) offered combined adolescent and adult services. (Figure 1 ).
| Correlates of LTFU after ART initiation
Thirty three of the 52 sites involved in this study had available site-level data and their patients were included in these analyses, which represented 94.6% of patients within this dataset. In the multivariable model for the overall study population, the adjusted cause-specific hazard ratio (aHR) of LTFU among OA was 1.54 (95% CI 1.41 to 1.68) ( Table 3 ). By contrast, the hazard of LTFU was lower among YA compared to adults (aHR 0.77, 95% CI 0.69 to 0.86). When compared to men, the hazard of being LTFU was 10% lower among nonpregnant women (aHR 0.90, 95% CI 0.88 to 0.93) but 20% higher among pregnant women (aHR 1.20, 95% CI 1.14 to 1.27 Results from age-specific analyses for the YA, OA and adult populations are also shown in Table 3 . Among OA, the hazard of LTFU was primarily driven by pregnant adolescents compared to adolescent males (aHR 2.42, 95% CI 1.98 to 2.95). Also among OA, in contrast to adult females, nonpregnant female adolescents had higher LTFU (aHR 1.51, 95% CI 1.27 to 1.80) compared to adolescent males. The variation with respect to programme of attendance among OA, YA and adults were consistent with those seen in the overall study population as described above. The correlates of LTFU among YA were similar to those observed in the overall study population, as described above.
| DISCUSSION
This analysis highlights the significantly higher LTFU after ART initiation among OA as compared to either YA or adults and is one of the first to identify the significant impact of pregnancy on LTFU among OA. Individual and structural reasons for such LTFU identified in the literature [13, 19, 20] could be amplified among OA due to limited autonomy and resources to independently continue ART. Our findings are in line with recent reports which suggest pregnancy at ART initiation is a significant risk factor for LTFU [8] [9] [10] [11] [12] , and that postnatal disengagement from ART services is a significant programmatic challenge [8, 9, 21, 22] . Our observations imply that pregnant OA initiating ART should be one of the key populations targeted for interventions to reduce LTFU in prevention of mother-to-child HIV transmission (PMTCT) programmes. Also notably, OA had the highest proportion of women pregnant at ART initiation, suggesting low rates of HIV testing or prior awareness of HIV positive status and/or recent HIV infections. This signals opportunities to intervene prior to early sexual encounters that result in pregnancy and HIV, and to engage adolescents in health care prior to pregnancy and HIV. Many pregnant OA may be starting ART soon after learning their HIV positive status, which in turn may impact ART retention as they deal with adjusting to the new diagnosis and lifelong treatment. In contrast to adults where nonpregnant female patients had lower hazard of LTFU compared to males, older adolescent girls who were not pregnant had over 50% higher hazard for LTFU compared to males. This suggests that, regardless of pregnancy status, adolescent girls should be included in key populations targeted for retention interventions.
We observed a worsening trend for LTFU among participants initiating ART in more recent years. This could mean inadequate ART retention in the face of significant scale-up of ART services, and reflect challenges within health systems overwhelmed by an ever-increasing ART population. It wasn't possible to account for undocumented transfers to other health facilities: this could have applied to some adolescents transitioning to adult care elsewhere [23] [24] [25] . However, we expect that this would be a small proportion as all the health facilities in the analysis offered adolescent and adult care. Therefore, reasons for LTFU deserve additional qualitative exploration, particularly focusing ART access barriers and enablers for the pregnant OA population.
LTFU varied widely by programme in our analysis, which may reflect the impact of combination of programme-specific characteristics, and the standard of care provided. Overall and by age-group, LTFU was significantly lower at tertiary institutions. This may be a reflection of better resources typically provided at such institutions but is a concern in the wake of rapid ART-scale up and decentralization to primary health facilities [26, 27] . Our analysis also highlighted the importance of caring for adolescents and adults in integrated clinics. This is likely due to elimination of the "adult transition" step, which facilitates continued care and retention of adolescent records. While there is value in dedicated adolescent clinics [28] [29] [30] , the transition period can prove a vulnerable point for LTFU [31] . On the other hand, food support appeared to be a strong factor associated with reduction of LTFU among adults but not among adolescents (where integration of services was the main factor associated with reduced rates of LTFU). This is consistent with other studies on the subject and possibly delineates the different priorities and structural barriers to retention in these two age groups [30] .
Although peer educator and outreach programmes are expected to be associated lower LTFU after ART initiation [32, 33] , this association was has not observed among adults or adolescent ART programmes [34] . Paradoxically, health facilities with these services had higher adult LTFU, and we cannot exclude the potential for reverse causality -perhaps sites which already had high LTFU preferentially implemented peer educator and outreach programmes to address patient retention issues in their programme [35] .
The major strength of this study was the use of programmatic cohorts drawn from diverse real-world clinical settings in East Africa, which making our findings generalizable to routine ART service delivery in our context. At the same time, our analysis has a number of limitations, including potential outcome misclassification as the result of passive collection of mortality data and incomplete documentation of "silent" transfers. Additionally, we determined LTFU at the time of database closure which could overestimate LTFU among participants newly initiating ART [36] , as patients with longer ART observation times could have become disengaged and reengaged in care without being classified as LTFU [36] . Finally, we had limited data on pregnant YA, and we only examined the impact of pregnancies at ART initiation (excluding pregnant women who initiated ART solely for PMTCT), and did not account for pregnancies occurring during ART follow-up, all of which may have underestimated LTFU due to pregnancy. Despite these limitations, our analysis provides useful insights into the outcomes of the burgeoning adolescent population in our setting and describes a nuanced picture of LTFU correlates. These data can inform public health programmes to ensure the continuity and success of ART.
| CONCLUSION
OA initiating ART experienced the highest rates of LTFU when compared to YA and adults. Among the OA, females (pregnant or not) had particularly high risk of being LTFU. This analysis highlights the need to develop, test and assess interventions designed to retain older adolescents on ART, particularly girls and women initiating ART while pregnant.
